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(57)  The present invention provides a method for
manufacturing a bonded wafer comprising steps of form- Fig.1
ing an oxide film on at least a surface of a base wafer or
a surface of a bond wafer; bringing the base wafer and
the bond wafer into close contact via the oxide film; sub-
jecting these wafers to a heat treatment under an oxidiz-
ing atmosphere to bond the wafers together; grinding and
removing the outer periphery of the bond wafer so that
the outer periphery has a predetermined thickness; sub-
sequently removing an unbonded portion of the outer pe-
riphery of the bond wafer by etching; and then thinning
the bond wafer so that the bond wafer has a desired
thickness, wherein the etching is conducted by using a
mixed acid at 30°C orless atleast comprising hydrofluoric
acid, nitric acid, and acetic acid. Thus there is provided
a method for manufacturing a bonded wafer by which (d)
unbonded portions of the outer periphery of the bond
wafer are removed with a high selectivity ratio (Rg;/Rgi02)
without causing metallic contamination.
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and acetic acid.
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Description
Technical Field

[0001] The present invention relates to a method for
manufacturing a bonded wafer, in particular to a method
of etching the unbonded portion of the outer periphery of
the bond wafer.

Background Art

[0002] Bonded wafers are used as wafers for high per-
formance devices. Each of the bonded wafers is manu-
factured by bonding a semiconductor wafer with another
wafer or the like and then thinning the wafer on the side
where devices are fabricated.

[0003] Specifically, for example, two mirror-polished
silicon wafers are prepared, and an oxide film is formed
at least on one of the wafers. Then these wafers are
brought into close contact to each other and subjected
to a heat treatment at a temperature of from 200 to
1200°Ctoincrease bonding strength. After that, the wafer
on the side where devices are fabricated (a bond wafer)
is ground, polished and the like to thin the wafer so that
the bond wafer has a desired thickness. As a result, a
bonded SOI wafer comprising an SOI (Silicon On Insu-
lator) layer can be manufactured.

[0004] It should be noted that the bonded wafer can
be manufactured by directly bonding silicon wafers to-
gether without interposing an oxide film therebetween.
Furthermore, as the base wafer, an insulator wafer made
of quartz, silicon carbide, alumina, or the like can be used.
[0005] When the bonded wafer is manufactured as
mentioned above, each of two mirror-surface wafers to
be bonded has a portion referred to as a polishing sag,
which has a slightly thinner thickness on the periphery,
and a chamfered portion. Such portions are not bonded
or left as unbonded portions having weak bonding
strengths. When the bond wafer is thinned by grinding
or the like in the presence of such unbonded portions,
the unbonded portions delaminate in part in the thinning
step. Therefore, the thinned bond wafer has a smaller
diameter than the wafer to be a base (a base wafer). The
bond wafer also has micro unevenness continuously
formed in the periphery.

[0006] When such a bonded wafer is subjected to a
device process, remained unbonded portions delaminate
in the device process. This generates particles and de-
teriorate device yield.

[0007] Inordertoovercome the problems, there is pro-
posed a method of removing the remained unbonded
portions beforehand by alkaline etching using KOH,
NaOH, or the like (see Japanese Patent Application Laid-
open (kokai) No. 10-209093). In alkaline etching, the
etching rate of an etchant against Si (Rg;) is fast, whereas
the etching rate of the etchant against SiO, (Rgi0o) is
slow. Therefore, the selectivity ratio (Rg/Rg;g,) between
the etching rates is large. In this case, on reaching a
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buried oxide film, etching from the bond wafer side au-
tomatically almost stops. In this way, use of alkaline etch-
ing is advantageous in that a buried oxide film is utilized
as a protective film for protecting a base wafer from etch-

ing.
Disclosure of the Invention

[0008] It has turned out, however, that removing the
unbonded portion by alkaline etching causes metallic
contamination, and which can deteriorate electric char-
acteristics of semiconductor devices.

[0009] The present invention has been accomplished
in view of the aforementioned problems, and its object is
to provide a method for manufacturing a bonded wafer
wherein a selectivity ratio (Rg;/Rg0,) between an etching
rate against Si and an etching rate against SiO, is large,
metallic contamination is not caused, and the unbonded
portion of the outer periphery of a bond wafer is etched.
[0010] In order to achieve the aforementioned object,
the present invention provides a method for manufactur-
ing a bonded wafer comprising steps of forming an oxide
film on at least a surface of a base wafer or a surface of
a bond wafer; bringing the base wafer and the bond wafer
into close contact via the oxide film; subjecting these wa-
fers to a heat treatment under an oxidizing atmosphere
to bond the wafers together; grinding and removing the
outer periphery of the bond wafer so that the outer pe-
riphery has a predetermined thickness; subsequently re-
moving an unbonded portion of the outer periphery of the
bond wafer by etching; and then thinning the bond wafer
so that the bond wafer has a desired thickness, wherein
the etching is conducted by using a mixed acid at 30°C
or less at least comprising hydrofluoric acid, nitric acid,
and acetic acid.

[0011] Inetching the unbonded portion of the outer pe-
riphery of the bond wafer by using the mixed acid at 30°C
or less, the etching rate against Si (Rg)) is fast, whereas
the etching rate against SiO, (Rgjq») is slow. That s, the
selectivity ratio (Rgi/Rsi02) between the etching rate
against Si and the etching rate against SiO, is large, and
thus the etching rate decreases automatically on reach-
ing a buried oxide film. In this way, the buried oxide film
is utilized as a protective film for protecting the base wafer
from etching, and the etching does not damage the base
wafer. In addition, the etching by using the mixed acid
does not cause metallic contamination.

[0012] Inthe above case, the etchingis preferably con-
ducted by spin etching.

[0013] Unlike the case of etching by dipping, when
etching is conducted by spin etching, temperature in-
crease of an etchant caused by the chemical reaction of
the etching is small. Thus the etchant is easily controlled
within temperatures equal to or less than 30°C, and which
is sufficiently achieved by using a compact cooling
means. Consequently, the etching can be conducted at
a lower cost.

[0014] Insummary, according to the presentinvention,
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when the unbonded portion of the outer periphery of the
bond wafer is etched by using a mixed acid at 30°C or
less at least comprising hydrofluoric acid, nitric acid, and
acetic acid, metallic contamination is not caused, and the
selectivity ratio (Rgi/Rgio) between the etching rate
against Si and the etching rate against SiO, becomes
large. Thus a buried oxide film is utilized as a protective
film for protecting the base wafer from etching, and the
etching does not damage the base wafer.

Brief Explanation of the Drawings
[0015]

Fig. 1 is a flow chart showing an embodiment of the
method for manufacturing a bonded wafer according
to the present invention.

Fig. 2(a) is a graph showing the relationship between
the liquid temperature of a mixed acid and its etching
rate against Si (Rg;).

Fig. 2(b) is a graph showing the relationship between
the liquid temperature of a mixed acid and its etching
rate against SiO, (Rgin2)-

Fig. 3 is a graph showing the relationship between
the liquid temperature of a mixed acid and the se-
lectivity ratio (Rg/Rgi0o) between the etching rates.
Fig. 4 is a graph showing evaluation results of me-
tallic contamination in Example and Comparative
Example.

Fig. 5 is a single-wafer-processing spin-etching ap-
paratus that can be used in the method for manu-
facturing a bonded wafer according to the present
invention.

Best Mode for Carrying out the Invention

[0016] Hereinafter, the present invention will be de-
scribed further in detail. However, the present invention
is not limited thereto.

[0017] Those skilled in the art conventionally recog-
nize that etching using a mixed acid is not applicable to
the case of etching and removing the unbonded portion
of abond wafer by etch stop method because the method
requires sufficiently high selectivity ratio between etching
rates. The present inventors, however, have experimen-
tally studied and found that sufficiently usable selectivity
ratio can be achieved by maintaining the temperature of
a mixed acid in low temperatures, and also use of the
mixed acid overcomes the problem of metallic contami-
nation caused by alkaline etching. Thus the inventors
have accomplished the present invention.

[0018] Fig. 1 is a schematic view showing an embod-
iment of the method for manufacturing a bonded wafer
according to the present invention.

[0019] In Fig. 1, a bond wafer 2 and a base wafer 3
are prepared (Fig. 1(a)). The wafers are material wafers
for fabricating an SOI wafer by bonding the wafers to-
gether. The bond wafer and the base wafer are not par-
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ticularly restricted. For example, the wafers may be sili-
con single crystal wafers.

[0020] Next, among the prepared silicon single crystal
wafers, the bond wafer 2 is subjected to a heat treatment
to form an oxide film 4 on the surface of the bond wafer
(Fig. 1(b)). The oxide film may be formed on the base
wafer, or may be formed on both of the bond wafer and
the base wafer.

[0021] Then the bond wafer 2 on which the oxide film
is formed and the base wafer 3 are brought into close
contact under a clean atmosphere (Fig. 1(c)). These wa-
fers are subjected to a heat treatment under an oxidizing
atmosphere to bond firmly the bond wafer 2 and the base
wafer 3 together. Thus a bonded wafer 1 is obtained. The
heat treatment may be conducted, for example, under
conditions of an atmosphere containing oxygen or water
vapor and at a temperature in the range of 200°C to
1200°C (Fig. 1(d)). As a result of the heat treatment, the
bond wafer 2 and the base wafer 3 are bonded firmly
together, and an oxide film (a bonding oxide film) 5 is
formed on the whole outer surface of the bonded wafer 1.
[0022] The bonded wafer 1 thus bonded has portions
where the bond wafer 2 and the base wafer 3 are not
bonded in the region within 2 mm from the outer periph-
ery. Such unbonded portions cannot be used as an SOI
layer on which devices are fabricated. Furthermore, the
unbonded portions delaminate in subsequent processes
and which causes various problems. Therefore, the un-
bonded portions must be removed.

[0023] In order to remove the unbonded portions, as
shownin Fig. 1(e), the outer periphery where the unbond-
ed portions exist of the bond wafer 2 is firstly ground and
removed so that the outer periphery has a predetermined
width w and a predetermined thickness t. Grinding is used
because rapid removing is possible and processing ac-
curacy is good.

In the above case, the predetermined thickness t may be
20 to 150 pm.

[0024] Next, etching is conducted to provide a wafer
shown in Fig. 1(f) in which the unbonded portions of the
outer periphery of the bond wafer 2 are removed. The
etchant used herein in the present invention is a mixed
acid at 30°C or less at least comprising hydrofluoric acid,
nitric acid, and acetic acid. For example, a mixed acid
such as an aqueous solution comprising hydrofluoric ac-
id: nitric acid: acetic acid = 15 wt%: 47 wt%: 5 wt% is
preferably used. The mixed acid may further comprise
phosphoric acid, sulfuric acid, or the like in addition to
hydrofluoric acid, nitric acid, and acetic acid.

[0025] Bonded wafers were etched by using the mixed
acid to investigate the relationship between the liquid
temperature and the etching rate of the mixed acid. Fig.
2(a) shows measurement results of the relationship be-
tween the liquid temperature of the mixed acid and its
etching rate against Si (Rg)). Fig. 2(b) shows measure-
ment results of the relationship between the liquid tem-
perature of the mixed acid and its etching rate against
SiO, (Rgjpp)- In addition, based on the data of Figs. 2,
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the relationship between the liquid temperature of the
mixed acid and the selectivity ratio (Rg/Rgipo) between
the etching rates was obtained and the results are shown
in Fig. 3.

[0026] In etching, the selectivity ratio between etching
rates against silicon and oxide film is important. When
the selectivity ratio is sufficiently large, for example, in
Fig. 1(e), etching from the bond wafer 2 reaches the bur-
ied oxide film between the bond wafer 2 and the base
wafer 3, the etching rate considerably decreases and the
etching process substantially stops. That is, the oxide
film functions as an etch stop layer and protects the base
wafer from etching. Consequently, such problems do not
occur in which etching proceeds in a short time and dam-
ages the base wafer.

[0027] As shown in Fig. 3, the selectivity ratio of the
mixed acid sharply drops in temperatures greater than
30°C. When etching is conducted in temperatures great-
erthan 30°C, the etching does not stop sharply on reach-
ing the oxide film because the film does not function as
an etch stop layer. As a result, problems occur such that
etching proceeds in a short time and damages the base
wafer, or dimples are generated in the terrace region of
the base wafer.

[0028] Incontrast, as shown in Fig. 3, the etchant hav-
ing a liquid temperature of 30°C or less exhibits suffi-
ciently large selectivity ratio, and the oxide film functions
as an etch stop layer. Thus the etching stops sharply on
reaching the oxide film, and the etching does not damage
the base wafer protected by the oxide film, and dimples
are not generated in the terrace region of the base wafer.
The lower limit of the liquid temperature of the etchant is
not particularly restricted, and any temperature is fine as
long as etching can be conducted without any trouble.
[0029] Use of the mixed acid as an etchant according
to the present invention does not cause metallic contam-
ination. Conventional alkaline etching using NaOH, KOH,
or the like as an etchant gives rise to a problem because
such etching causes metallic contamination, and which
leads to deterioration of the electric characteristics of
semiconductor devices. In contrast, etching using the
mixed acid according to the present invention does not
cause metallic contamination, and yield can be in-
creased.

[0030] The method of conducting etching by using the
mixed acid according to the present invention is not par-
ticularly restricted, but spin etching is preferable. Unlike
dipping, liquid temperature increase of an etchant caused
by chemical reaction occurred in etching is small. In order
to maintain the liquid temperature of an etchant equal to
orless than 30°C, compact cooling equipment will suffice,
and excessive operation cost for cooling equipment is
not necessary. This enables reduction of equipment size
and labor savings, thereby carrying out the present in-
vention atlow cost. Also, itis certainly possible to conduct
the mixed acid etching by dipping.

[0031] Hereinafter, there is described an embodiment
of the case of conducting the mixed acid etching by spin
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etching. An apparatus for conducting the spin-etching is
not particularly restricted, and for example, an apparatus
shown in Fig. 5 may be used. Etching is conducted as
follows: the bonded wafer 1 is held by suction by using
a wafer holding means 10; an etchant 9 is provided from
a nozzle 8; and the bonded wafer 1 is spun at high rota-
tional speed. In this way, the wafer is etched by rotating
the wafer, whereby centrifugal force scatters the etchant
9 outward of the wafer. The scattered etchant 9 is recov-
ered via a recovery cup 11.

[0032] Specifically, it is preferred to rotate a bonded
wafer the base wafer side of which is held by suction by
using a spin etching apparatus at 300 to 400 rpm while
a mixed acid is fed to the upper surface of the bond wafer
from a nozzle at a flow rate of 3to 4 L/minute for 5 seconds
or more depending on an intended etching removal.
[0033] Next, after the etching is conducted for a pre-
determined period to remove the unbonded portion, the
wafer is rinsed to quench the mixed acid etching. For
example, it is preferred to rotate the wafer subjected to
the mixed acid etching at 500 to 700 rpm while pure water
is fed to the upper surface of the bond wafer from a nozzle
at a flow rate of 1 to 2 L/minute for 30 to 40 seconds.
[0034] Next, the wafer is dried. The rinsed wafer can
be spin dried, for example, by rotating the wafer at 1400
to 1600 rpm for 30 to 50 seconds. After the wafer is spin
dried, the wafer is removed from the spin etching appa-
ratus. Thus the spin etching step is complete.

As a result of the etching, a terrace region 7 is formed
(Fig. 1(f)).

[0035] Next, as shown in Fig. 1(g), the surface of the
bond wafer 2 is thinned so that the bond wafer has a
desired thickness to form an SOI layer 6. The way of
thinning the bond wafer is not particularly restricted, and
can be conducted by a standard manner such as grinding
and polishing.

[0036] In this way, a bonded wafer according to the
present invention can be manufactured.

[0037] The present invention is not restricted to the
above mentioned method of conducting the mixed acid
etching by spin etching. For example, the present inven-
tion can be conducted by dipping method of dipping a
wafer into an etchant to etch the wafer, or by spraying a
mixed acid.

[0038] Inthe method mentioned above, the oxide film
4 is formed on the bond wafer 2, and then the bond wafer
2 is brought into close contact with the base wafer 3.
Alternatively, an oxide film is formed on the base wafer
3 and then the base wafer 3 is brought into close contact
with the bond wafer 2; or oxide films are formed on both
the bond wafer 2 and the base wafer 3 and then the wa-
fers are brought into close contact with each other. The
base wafer and the bond wafer that are used in the
present invention are not restricted to silicon single crys-
tal wafers.
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EXAMPLES

[0039] Hereinafter, Examples of the present invention
will be described. However, the present invention is not
restricted thereto.

(Example, Comparative Example)

[0040] First, mirror-polished CZ wafers each having a
diameter of 200 mm, conductivity type: p-type, and a re-
sistivity of 4 to 6 Q-cm were prepared. These wafers were
used as a base wafer and a bond wafer.

These wafers were brought into close contact with each
other according to the steps (a) to (¢) in Fig. 1. Then the
wafers were subjected to a bonding heat treatment at
1150°C under an oxygen atmosphere for 3 hours to pre-
pare a bonded wafer 1 in Fig. 1(d).

[0041] Next, as shown in Fig. 1(e), the outer periphery
of the bond wafer 2 was ground by using a grinding ma-
chine from the outer periphery toward the center of the
wafer. The thickness t was 50 um.

[0042] Then unbonded portions in the outer periphery
of the bond wafer 2 were removed by etching.

In Example, etching was conducted by using a spin etch-
ing apparatus shown in Fig. 5 while a mixed acid (an
aqueous solution of hydrofluoric acid: nitric acid: acetic
acid = 15 wt%: 47 wt%: 5 wt%) was used as an etchant
and the liquid temperature was maintained at 23°C (room
temperature) by using a compact cooling apparatus. This
mixed acid etching was conducted by rotating the bonded
wafer at 350 rpm the base wafer side of which was held
by suction, and feeding the mixed acid to the upper sur-
face of the bond wafer at a flow rate of 3.5 L/ minute over
86 seconds. The etching removal was about 100 pum.
In Comparative Example, alkaline etching was conduct-
ed under the same conditions as those in Example except
that NaOH was used as the etchant.

[0043] Theninorderto quench the etching, the bonded
wafer was rinsed by rotating the wafer at 600 rpm and
feeding pure water to the upper surface of the bond wafer
from anozzle at aflowrate of 1 L/ minute over 35 seconds.
[0044] Then the rinsed bonded wafer was dried by ro-
tating the wafer at 1500 rpm for 30 seconds. Thus the
spin etching step was complete.

[0045] Next, the surface of the bond wafer 2 was
thinned by grinding and polishing by using a surface
grinding machine and a single-side polishing machine to
form an SOl layer 6. Thus a wafer shown in Fig. 1(g) was
obtained.

(Microscopic observation of terrace region)

[0046] The terrace regions of the SOl wafers obtained
in Example and Comparative Example were inspected
for the presence of dimples by using an optical micro-
scope. As a result, dimples were hardly observed in both
of the wafers. It has been established that use of the
method according to the present invention enables etch
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stop as with the case of conducting alkaline etching and
removal of unbonded portions by etching with sufficiently
high selectivity ratio.

(Evaluation of metallic contamination)

[0047] The bonded wafers obtained in Example and
Comparative Example were evaluated in terms of metal-
lic contamination by atomic absorption method. The ob-
tained results are shown in Fig. 4. As is evident from Fig.
4, metallic contamination occurred in Comparative Ex-
ample where alkaline etching was conducted, whereas
almost no or little metallic contamination occurred in Ex-
ample where the mixed-acid etching according to the
present invention was conducted.

[0048] It should be noted that the present invention is
not limited to the embodiments described above. The
above-described embodiments are mere examples, and
those having substantially the same structure as techni-
calideas described in the appended claims and providing
the similar functions and advantages are included in the
scope of the present invention.

Claims

1. A method for manufacturing a bonded wafer com-
prising steps of forming an oxide film on at least a
surface of a base wafer or a surface of a bond wafer;
bringing the base wafer and the bond waferinto close
contact via the oxide film; subjecting these wafers to
a heat treatment under an oxidizing atmosphere to
bond the wafers together; grinding and removing the
outer periphery of the bond wafer so that the outer
periphery has a predetermined thickness; subse-
quently removing an unbonded portion of the outer
periphery of the bond wafer by etching; and then
thinning the bond wafer so that the bond wafer has
a desired thickness, wherein the etching is conduct-
ed by using a mixed acid at 30°C or less at least
comprising hydrofluoric acid, nitric acid, and acetic
acid.

2. The method for manufacturing a bonded wafer ac-
cording to Claim 1, wherein the etching is conducted
by spin etching.
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